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The Effect of Context On Perceived Depth

The perception of relative depth through the operation of steropsis

has been the focus of a sustained inquiry ever since the critical stimulus

conditions necessary for its occurrence, retinal disparity, were described

by Wheatstone in 1838. Much of the considerable literature that has accrued

deals with the evaluation of hypotheses derived from the geometrical relation-

ships intrinsic to stereoscopic depth perception. Such concepts as the horopter,

crossed and uncrossed disparity directions, and Panum's fusional area are

products of these efforts. Much less attention has been directed to factors

that may influence stereoscopic depth perception yet which are not given

directly by geometrical considerations. One such factor, and the topic of

this report, is the effect of context on the perceived depth positions of

stereoscopic forms. Specifically, does the depth position of a form, when

seen in isolation, change when it is embedded in a context of forms located

at different depth positions.

There are data that provide a positive answer to that question, at least

under certain conditions. For example, Gogel (e.g., Gogel, 1977), in his

efforts to develop a general theory of three-dimensional space perception,

has uncovered several characteristics of the perceptual system that act to

' alter the perceived depth relationships among objects in visual space.

M These characteristics, which Gogel calls tendencies, are imposed upon per-

ceived visual. space by the perceptual system and, as ouch, are not derived

irum the physical conditions of stimulation. One characteristic, called

ýhe equidistance tendency, refers to the tendency to perceive objects in

dllft.r'ent depth planes as lying in a single common depth plane. A second

charactet'ntic, called the adjacency principle, refers to the fact that

inte.?raction ,nong objects in depth (e.g., the equidistance tendency) is

21



an inverse function of the distance between them in three-dimensional space.

I A third characteristic, called the specific distance tendency, refers to

the perceived distance of objects when all physical cues to distance are

&| •. I eliminated. Evidence garnered in spport of these characteristics demon-

strates that the visual system does not deal passively with a replica of

physical space, but rather can act to impose its own organization on that

SI space. Further, the work of John Foley, who has investigated the geometri-

cal relationships that follow from the Luneburg model of visual space (e.g.,

Foley, 1969, 1976; Luneburg, 1947), also shows that the perceived depth

position of one stimulus can be influenced by the apparent depth position

of other stimuli.

Yet it should be noted that, in general, theoretical considerations

have made it necessary for both Gogel and Foley to employ deliberately

simplified stimulus conditions in which many of the cues for depth and

distance that would be present under normal viewing conditions are absent,

and those that are present are often manipulated so as to be in perceptual

conflict. But in many real-life situations, depth cues are typically not

in conflict and are of sufficient number to provi e redundant sources of

veridical information about depth and distance. Under these conditions,

it is not known whether context effects among objects in depth can alter

their perceived depth positions. To that end, the objective of the inquiry

described in this report was to determine the extent to which the perceived

depth position of a stereoscopic form could be modified by the context pro-

I vided by other forms when a full set of complementary depth cues were opera-

tive. These are the conditions under which a three-dimensional display

would normally be viewed.

¶ I



H

I METHOD

Apparatus

I Only a brief overview of the dynamic random-element stereogram system

S:used in the present study will be given here. For more complete descriptions

of this system, consult Fox and Patterson (1981), Lehmkuhle and Fox (t980),

and Shetty, Brodersen, and Fox (1979). The system used in this study is com-

posed of three components: the display, the stereogram generation unit, and

the optical programmer.

The display is a modified color television receiver upon which random-

dot matrices composed of red and dots are displayed. Stereoscopic viewing

is achieved via the anaglyph method, in which appropriately matched chromatic

filters are worn by the observer.

The stereograui generation unit is a hard-wired device, constructed from high-

speed integrated circuits, that performs three functions: (1) It specifies

the X/Y coordinates of the stereoscopic form to be displayed. (2) It

produces the retinal disparity essential for the induction of stereopsis

by introducing a slight delay in the output of one or the other electron

guns of the television receiver. This delay results in a difference in

spatial position between the red and green dots. (3) It generates random

dots, without disparity, that camouflages the gap produced by the delay.

The output of this system results in the production of stereoscopic forms

that can be seen without the presence of monocular cues. All dots are

dynamlcally replaced in both matrices at either the field rate (60 Hz)

or the frame rate (30 Hz) of the video receiver. Apparent motion of the

dots produced by their replacement does not impair the visibility of the

stereoscopic forms.

The third unit of this system, the optical programmer, is

3



S I synchronized with the scan of the video receiver. With this device it is

possible to present virtually any stimulus configuration as a stereoscopic

forih. Together with the stereogram generation unit, the progranmidng

1 device controls the X/Y position of the stereoscopic forms. In the

present study, only one optical programmer was employed. It scanned an

I achromatic two-dimensional image of one of the two stimuli used in this

study, the context form; the stereogram generation unit generated the

other stimulus used in this study, the test form (configured as a rectangle).

See Figure I for the configuration and dimensions of these stimuli.

Observers

Five persons (two male and three female) served as observers in this

study. All possessed normal or corrected-to-normal visual acuity, and had

experience in perceiving stereoscopic contours formed from dynamic random-

element stereograms. Four were naive with regard to the hypotheses under

test.

Design

The purpose of this experiment was to investigate the influence of

viewing distance, disparity, and context on the perceived depth position

of the test form. Three viewing distances (70 cm, 140 cm, 210 cm), three

disparity values (small, medium, large), and four context conditions (no-

context, context-equal, context-front, context-back) were combined factor-

- ially to yield 36 experimental conditions. Although the apparent size of

thle two stimuli co-varied with viewing distance in this experiment, previous

wurk in this laboratory has shown that variations in the size of stereoscopic

forms does not affect their perceived depth position. See Table I for the

1 dimensions of the stimuli employed under the three viewing distances.

I4
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CONTEXT FIGURE--

TEST FIGURE--'

8cm 
21cm

21I cI ,I,
I t

. ,, I I

SI

I*--- 5cm "----l. 2cm~I.- -6cm ---. ,
I*"---"21 cm... .

Figure 1. flie configuration and dimensions of the
context and test forms.
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For each of the three viewing distances, the test form was presented

at three values of disparity under eai-h of the four context conditions. In

the no-context condition, both tile context and test forms were presented at

i ithe same depth position. In the context-front and context-back conditions,

respectively, the context form was presented at a depth position slightly

in front of and slightly behind that of the test form. See Table 2 for

the precise values of disparity employed for each of three viewing distances.

Under all conditions all disparities were crossed, and the stereoscopic

stimuli appeared in depth in front of the background elements.

Procedure

The data for each observer were collected in one experimentpl session.

On each trial, the observer indicated the perceived depth position of the

test form by aligning a probe stimulus so that it was located in the

same depth position. Three trinls were r'in under each of the 36 experi-

mental conditions, with the order of presentation of the conditions deter-

mined randomly for each observer.

RESULTS

The data for the five observers were analyzed by a 3 X 3 X 4 (viewing

distance x disparity value x context condition) three-way analysis of

variance for repeated measures. The analysis revealed that the effects

on perceived depth of both viewing distance (F(2,8) - 583.4, p4.001) and

disparity value (F(2,8) - 764.9, p<.001) are significant, but that the

eftect of contexL is not (F<1.O). Further, the analysis also revealed

that the interaction between viewing distance and disparity value is sig-

nificant, (M(4, 16) - 93.2, k<.001); all other interactions are insignifi-

cant (see Table 3).

Multiple comparisons were calculated for viewing distance and disparity

7
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I TABLE 3

THREE-WAY ANALYSIS OF VARIANCE SUMMARY TABLE

Source Sum of Squares df Mean Square F-Ratio

Between Error 495.7 4 123.9

Viewing Distance 16646.5 2 8323.2 583,4*

Within Error 1 114.1 8 14.3

Context Condition 2.3 3 0.8

Within Error 2 12.9 12 1.1

Distance X Context 2.8 6 0.5

Within Error 3 23.1 24 1.0

Disparity Value 10110.1 2 5055.0 764.9*

Within Error 4 52.9 8 6.6

Distance X Disparity 1376.3 4 344.1 93.2*

Within Error 5 59.1 16 3.7

Context X Disparity 2.5 6 0.42

- Within Error 6 13.0 24 0.54

Distance X Context
X Disparity 5.0 12 0.42

Within Error 7 23.2 48 0.48

' TOTAL 28939.4 179 161.673

S*p<.001

I
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value using Duncan's multiple range test. With respect to viewing distance,

Duncan's test found the following differences to be significant: the 70 cra

distance vs the 140 cm and 210 cm distances, and the 140 cm distance vs the

j 210 cm distance (all k<.O1). With respect to disparity value, Duncan's test

found the following differences to be significant: the low disparity value

vs. the medium disparity and high disparity values, and the medium disparity

I value vs. the high disparity value (all p,.Ol).

To better illustrate the relationships among perceived depth, viewing

= I distance, and disparity, the data were collapsed across the variable context

condition (which was statistically insignificant) and are shown in Figure 2.

I Also shown in Figure 2 are predictions for perceived depth based on the

assumption of complete depth constancy (indicated by broken lines; see

Discussion).

1I DISCUSSION

For discussion of the results it would be helpful to proceed by con-

sidering, in turn, the effect of each of the three major variables, die-

parity, viewing distance, and context on perceived depth. Consider first

disparity. As can be clearly seen in Figure 2, increases in disparity for

any given viewing distance produced an orderly monotonic increase in per-

1 ]ceived depth. Further, as the analyses revealed, these increases are

statistically reliable. Such a relationship, of course, is not surprising

4 ]since it is one of the first aspects of stereopsis to receive systematic

scrutiny and it is readily incorporated within the geometry of stereoscopic

space (Julesz, 1971; Ogle, 1962). Disparity in the present study serves

more as a baseline control variable rather than as a subject of major

experimental interest. Nevertheless, the presence of the expected disparity-

j Iperceived depth relationship does serve to validate the integrity of the

experimental methods.

1 10
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FigLre 2. Mean perceived depth judgments for three levels
of disparity and three viewing distances. E=or
brackets equal + one standard error. Broken lines

indicate predicted values on the asstmption of
complete depth constancy.1
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I But disparity alone does not serve to determine perceived depth.

,4 Rather, it operates jointly with the second variable examined in this

experiment, viewing distance. The role of perceived distance in deter-

I mining perceived depth is not widely known, perhaps because of the great

emphasis that has been placed upon disparity and the conditions that give

| Irise to it. Yet the crucial role played by perceived distance follows

directly from the geometry of stereopsis. Consider below the following

formula for the computation of disparity, which although an approximation,

works well when the depth interval and the disparity are relatively small

compared to the viewing distance (Graham, 1965):

.(1) e pd (rads)

D
2

where p - interpupillary distance,

d - depth interval
D a viewing distance
e - disparity

Equation 1 shows that, for a constant depth interval, disparity is

inversely proportional to the square of the viewing distance. By re-

arranging terms, the solution for the depth interval may be obtained as

given below:

(2) d - e (rads)

p

1. It can be seen that when disparity is held constant, the depth interval

Sis directly proportional to the square of the viewing distance. The change

in perceived depth with variation in viewing distance (Equation 2) means

Sthat, for veridical perception of stereoscopic depth to occur, the visual

system must somehow process information about viewing distance.

I The predicted relationship between perceived depth and viewing distance

specified by Equation 2 has been tested and confirmed by Cormack (1982),

who used a novel afterimage method to hold disparity constant. It was

12



I found that up to the largest distance tested, perceived depth co-varied

. with viewing distance in accord with the relationship. This result demon-

strates that a depth constancy mechanism is operative that calibrates

disparity information for different viewing distances. Constancy enables

a given physical depth interval to appear the same despite changes in dis-

S I parity produced by variations in viewing distance. This stabilization of

depth is analogous to the stabilization of size that occurs in size con-.

stancy. Indeed, in the case of stereoscopic afterimages discussed above,

there is a close analogy with Emmert's law (a phenomenon of size constancy

in which the apparent size of an afterimage changes as a function of

.; i. apparent distance). In Emmert's law, size is approximately proportional

vto distance when retinal image size is constant. Similarly, perceived

depth co-varies with distance when disparity is held constant by the

afterimage technique.

The operation of depth constancy can also be demonstrated with stereo-

grams. In stereograms, disparity decreases as a linear function of in-

creases in viewing distance because it is represented as a spatial sepa-

ration in the frontal parallel plane, whereas in physical depth situations,

disparity decreases as the square of the distance becaups it is an angular

measure brought about by differences in the Z-axis extent seen by each eye. Since

the constancy mechanism is set for compensation of disparity in the physical

world where the distance squared rule applies, overcompensation occurs when

stereograms are viewed, resulting in the perceived depth interval growing

linearly with increases in distance. This expectation was tested and con-

firmed by Wallach and Zuckerman (1963). Additional confirmatory evidence

is also discussed in Ono and Comerford (1977).

1 The manipulation of viewing distance in the present experiment also

13



serves as an additional test of the depth constancy relationship antici-

pated from stereograms. In Figure 2 the empirical relationship between

viewing distance and perceived depth is given. It can be seen that per-

ceived depth increases with viewing distance and the statistical analysis

indicates that these increases are significant. The broken lines in

Figure 2 are the expected values for perceived depth based on the assump-

tion of complete or perfect depth constancy. Note that for the first

disparity value, value 1. there is very close agreement between the ob-

tained and predicted values of perceived depth. Some departure occurs,

however, for disparity values 2 and 3, in the direction of underconstancy.

Such departures have been observed before (see Ono & Comerford, 1977) and

are probably attributable to a variety of secondary factors. Nevertheless,

to a first approximation, the obtained values of perceived depth are In

good agreement with those anticipated from depth constancy and, accordingly,

from the geometry of stereopsis.

Although the variables of disparity and distance were both effective,

the third variable, context, was not. As the statistical analysis makes
clear, the context form exerted no influence on the test form under any

experimental conditions. It is noteworthy that the large size of the

context form and its enveloping configuration were selected to maximize

its influence. Stimulus variables of this kind have been effective in

those studies in which evidence for a context effect has been found. Yet,

.2 noted in the Introduction, in such studies th|e bulk of the cues for

• I depth that would be present under ordinary conditions are eliminated.

In the present experiment however, the opposite situation prevailed.

All cues were present and they could combine to yield stable and correct

registration of the distance between the observer and display. This

14



If'
distance information apparently outweighed any influence of the context

- form. The present results support the conclusion that veridical estimates

of depth can be obtained from a 3-D dispiny where forms at different depths

I are present simultaneously, when the display is viewed under the full cue

conditions that prevail during ordinary viewing.

• 1

'1
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